Summary Postoperative hyperplasia enhances experimental intestinal carcinogenesis, but the effects of nonsurgical adaptation are uncertain. The tropic and tumour-promoting potentials of moderate hypothermia were tested in two groups of male Sprague-Dawley rats housed at 10°C for 30 weeks. One group (n= 10) received a 6-week course of azoxymethane (total dose 90mgkg-1). The second group (n=7) acted as hypothermic controls. Another 2 groups maintained at 22°C received azoxymethane (n =15) or served as normothermic controls (n = 15). Overall food intake was 42% higher in the hypothermic groups, yet at sacrifice mean body weight was 13% lower (P<0.01). Hypothermia and azoxymethane combined to produce the following increases in crypt cell production rate (CCPR), as determined stathmokinetically: duodenum 170%, jejunum 172%, ileum 74%, proximal colon 227% (P=0.05-0.01). Independently hypothermia had no effect, but azoxymethane produced 76-156% increases in CCPR throughout the large intestine. Although hypothermia did not affect overall tumour yield, the mean diameter of proximal colonic tumours was increased by 65% (P<0.05). In rats receiving azoxymethane, hypothermia stimulates cell proliferation in the small bowel as well as in the proximal colon, where it has a correspondingly mild cocarcinogenic effect.
Surgical operations that stimulate adaptive intestinal hyperplasia consistently enhance experimental carcinogenesis in susceptible segments of bowel . This finding might simply reflect increased numbers of epithelial cells in the adapting gut at risk of malignant change, but other sequelae of surgical manipulation could also be important. Following enteric resection and bypass or pancreaticobiliary diversion to mid small bowel, the mucosa distal to the suture line is immediately exposed to increased amounts of nutrients and endogenous secretions such as bile acids. These luminal factors are known to modulate the adaptive response of the gut (Williamson, 1982) and could therefore have separate roles in intestinal carcinogenesis (Thompson, 1982) .
There are several non-surgical agents that cause intestinal adaptation (Williamson, 1982) and might therefore influence intestinal carcinogenesis. One such agent is chronic infection with Citrobacter freundii, which causes colonic hyperplasia in mice and reduces the latent period of dimethylhydrazineinduced carcinogenesis (Barthold & Jonas, 1977) . Irradiation depletes the pool of epithelial cells, but the acute insult is followed by a regenerative burst of proliferative activity (Rijke et al., 1975) . X-irradiation can both initiate (Hirose et al., 1977) and promote (Sharpe et al., 1985) experimental colorectal carcinogenesis, and pelvic irradiation appears to be an aetiological factor in human rectal cancer (Umpleby et al., 1984) .
Villous hypertrophy occurs in various models of experimental hyperphagia, including intermittent starvation, tube feeding, high lactose diets and lesions of the hypothalmus (Williamson, 1978) . In addition, hyperphagia contributes to the small bowel growth found in lactation, hyperthyroidism, diabetes mellitus and hypothermia, though humoral factors (e.g. enteroglucagon) may also play a part (Elias & Dowling, 1976; Miller et al., 1977; Sagor et al., 1982) . Very little is known about the response of the colonic mucosa or the susceptibility of the bowel to carcinogenesis under these circumstances (Figure 3) . Azoxymethane alone produced a nonsignificant (29%) increase in duodenal CCPR but had no effect in the jejunum or ileum. Hypothermia alone did not affect small bowel CCPR.
By contrast, azoxymethane increased CCPR throughout the large bowel at normal temperature (Figure 4 ). Increments were larger in the middle (226%; P <0.05) and distal colonic (156%) segments than in the caecum (84%) and proximal colon (76%). Hypothermia augmented this tropic effect by 86% in the proximal colon but not in the other three segments. In rats not receiving carcinogen colorectal CCPRs were unaffected by hypothermia.
Carcinogenesis
In rats re-ceiving azoxymethane (groups 2 and 4), hypothermia increased the mean number of colorectal tumours per rat from 1.7+0.3 to 2.3+0.8 (0.6+0.2 to 0.9 +0.3 in the proximal colon, but this difference did not reach statistical significance. Tumour distribution was identical, 40% of tumours being found in the proximal half of the large bowel in each group. Hypothermia did increase the diameter of colorectal tumours by 42% (3.1 + 0.3 to 4.4 +0.5 mm) (P <0.05). This difference was particularly rnarked in the proximal colon (3.7 +0.3 to 6.1 ±0.9 mm), where tumours were 65% larger (P<0.05).
No tumours were found in the duodenum or jejunoileum of azoxymethane-treated rats or at any site in rats not receiving carcinogen. Histological types of benign and malignant neoplasms were as previously described .
Discussion
Although hypothermia caused marked hyperphagia in this experiment, it only increased crypt cell production rates in the presence of a further stimulus, viz, azoxymethane. This observation differs from previous work showing increased mucosal wet weight, villous height and crypt cell production rate in the small bowel of cold-acclimatised rats Sagor et al., 1982; Heroux & Gridgeman, 1958; . In these studies, however, animals were housed at lower temperatures (5-60C) small bowel. where CCPR is twice that of normothermic controls. It is detectable in the ileum and proximal colon as well, but absent in the remainder of the large bowel. Azoxymethane and its analogues cause acute mucosal destruction followed by compensatory hyperplasia throughout the intestinal tract (Sunter, 1980) . This hyperplastic response is evident within a week of the first injection and continues up to and beyond the development of tumours (Wright, 1983) . These changes tend to be maximal in segments particularly susceptible to carcinogenesis (Zedeck & Brown, 1977 , and since it responds briskly to the carcinogen alone it may be refractory to further acceleration of cell turnover by hypothermia.
Since hypothermia has a relatively modest effect on epithelial cell proliferation, it is not suprising that it does not increase the overall yield of intestinal tumours. Larger groups might have revealed more convincing evidence of the weak tumour-promoting potential reflected in the increased diameter of the proximal colonic tumours, but the size of the hypothermic cabinet restricted the accommodation of rats under humane conditions. It is notable that this cocarcinogenic effect is confined to the segment of bowel in which the separate tropic actions of azoxymethane and hypothermia overlap. These results suggest that although the tropic potential of hypothermia is limited, it is sufficient to promote earlier development or more rapid growth of tumours in the proximal colon. Intestinal adaptation stimulated by non-operative means could therefore have a similar role to that induced by surgery in promoting experimental carcinogenesis.
